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SUMMARY

Theequationofverticalmotionforanairplanefl@ngingustyair
is simplifiedinorderthatitssolutionisa functionofonlytwo
parameters,namely,themass~ter oftheairplaneandtheshapeof
thegusttheairplaneispenetrating.Thesolutionsoftheequationare
presentedintheformofchartsthatcanbeusedf@restimatingrapidly
andeasilytheaccelerationratiosencounteredbyairplaneswith
differentmass~rameterspenetratinga shar&edgegust,a gustof
arbitraryshape,ora trir+ngdargust.

INTRODUCTION

Formny problemsofgustloadsithasbeenfoundpracticalto
calculatetheloadsasiftheywerefora rigidairplanerestrainedin
pitchundertheactionofthegust.AlthoughpreviousinvestQations
havepresentedsolutionsfor~rticukrmass~ters andgustshapes,
theyhavenotbeenfoundsufficientlyaccurate.InthepresentPaPer
theeqyationofmotionhasthereforebeensolvedfora largerangeof
mass~ters toobtainchartsofairplanereactionstospecific
gustsandtoprovidea mans forobtainingloadsonairplanewingsfor
arbitmrygustshapes.Thechartspresentedarebasedontw-
dimensionalunsteady-liftcurvesanda nmerical,solutionofthe
equationofmotion.

SYMBOLS

dQ
da

P

slopeofwingliftcurve,perradian

massdensityofair,slugsWr cubicfoot

forwerdvelocity,feetpersecond
.
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afrplaneweight,pounds

areaofwing,squarefeet

meanaerodynamic

accelerationdue
second

penetrationinto

incrementof s

chord,feet

togravity,feetpm secondper

gust,chords

usedinnumericalsolution

normalizedunsteady-liftfunctionduetopenetration
ofa shar~dgegust

forcingfunctioninrecurrenceformuladueto
pentrationofgust

normlizedunsteady-liftfunctionfora unitchange
ofangleofattack

trausfoxmedunsteady-liftfunction(1- c@))

gust velocity,feetp9r~eOOna

gradientdistancesofgusts,chords-.

()‘amass~ter
p~cg

load~factorincrement

load-factorincrementascomputedbythegust-load

()
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accelerationratio
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An(s)
Ans

accelerationrat”ioforpenetrationofa sha,r~dge
seg gL18t

I ‘integralofaccelerationratioAn/~

Subscrifis:

max maximumvalue

m integerdenotingm incrementsof s inrecurrence
formula(s/.4s)

1 denotespointatwhichsolutionapplies

DERIWP1ONAIDUSE!OFCHARTS

Thefolluwingassumptionseremadeforstatingtheequationof
motion:

(1)The
thevertical

(2)The
thegust.

the(3; me
.

(4) The

thea!~~l~e
increment.

gustvelocityisuniformacrossthespanandparallelto
axisoftheairplaneatanyinstant.

airplaneisinsteady

airplanecanrisebut

airplaneisrigid.

liftincrementofthe
motionsisnegligible

levelflightpriortoentryinto

doesnotpitchundertheactionof

horizontaltailduetothegustand
ascompsmedtothewinglift

Thefollowingequationfordescribingtheverticalmotionofthe
airplaneiswrittenintermsofaccelerationratios:

The
the

firsttermontherightrepresentstheforceduetothegustand
second,thealleviationduetotheverticalmotionoftheairplane.
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Thevaluesoftheload-factor
eterILgmayleobtainedfromthe

increment&s
characteristics

itsflightconditionsbythefollowingequations:

Fora sharg=xlgegust

P%
Ans=

2W

2W
‘8=—

p*g

andIUSS~am-
oftheairplaneand

(2)

(3)

Sharp4dgeGust

(fig.l(a)),equation(1)canberewritten

HAn(S1)
=cLg(s)-~ J‘1 fMs) ~

Ans Qq-d ~ (4)
seg % s

Equation(4)hasbeensolvedbyanumricalmethodacccm?ingto
reference1 andthesolutionis writtenintheformofa recurrence
formula. Utilizingthe~ocedureinthisreferenceandmakingsub-
stitutionsfortheunsteady-llftfunctionsgivesthenumericalsolution
ofequation(4)inrecurre&eform;thus,-

()An—=
~s xl (%)*, +‘4RL2+‘+%)=3‘lFm+~~l +’3 k

(5)
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where

5

Fm= CLg(m)= cLg(s)

“’[*]
‘2 =-&

()KIAs ~.~
‘5 =—

% 3 24

2 AsK1A4
‘6= Sv

%

(7a)

(n)

(7C)

(7@

(79)

(7f)
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K* = ASK1A6
3vg

(7d

(P)

(8)

Equation(~)isevalu&tedfora rangeofmassparametersfrom10
to100andtheresultsareshownInfigure2. b thectd.ctitiOmJ the

unsteady-liftfunctionsderivedfortheWc+dimensionalwingare
assumedtobemadeapplicabletothefinitewingbyreplacingtheslope
oftheliftcurveforthetwo+iimensionalwingbytheS1OWofthelift
curveforthefinitewing.Theseunsteady-liftfunctionsdueto
penetrationof a shar~dgegustCLg(s)andaninstantaneousunit

angle+f+ttackchangeC (s) fora two-dimensionalwingwerenormalizedk
fromthosegiveninreference2.

Althoughequation(4)canbesolvedinclosedformbymeansof
operators,thesolutionisunwieldyandthenumericalmethodwas
adoptedforeaseincomputation.

Theinaccuraciesincurredinthesolutionbythenumericalmethod
areprincipallya functionofthemassparameterW andthe

g
incrementAs. Forhighvaluesof Pg andsmllvaluesof As the
accuracyofthecalculationisincreased,converselyforlowvalues
of Vg andlargevalues of..As theaccuracyisdecreased.Whenthe

recurrenceequationwasevaluated,thevalueof As wasappropriately
changedfortherangeof’IJgconsidered.
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Zuorder
responsetoa

Arbitrary Gust Shape

tocalculatetheresponsetoanarbitrarygustshape,the
sharp-edgegustmaybeusedasanindichlresponsewith

thegustshapeasa forc~gfunctioninDuhsmel’sintegral.(See
reference3.) Thus,

()d u(s)
Ann =H)‘1 &
AnB.~

(sl.s)A#as
‘s Seg

(9)

Variousmethodsaregiveninreference4 forevaluatingequation(9)
numerically;however,iftheforcingfunctionconsistsofa seriesof
straightlines,”equation(9) canbemodifiedlythefollowingprocedure:
Fora lineardisturbancestartingfrons = O witha slopel/H and
extendingtoinfinity(ftg.l(b)),equation(9) canberewrittenas
follows:

~=z’y’’)aedsAn(s) 1 (lo)

Thisequation,can%e eval~tedfordifferentmass~ameterslymerely

()An(s)integratingthefunction— fordifferentvaluesofmassparem+
Ans seg

eterandmultipQingtheresultbytheconstantl/E, Infigure3 the

integrationsofthe
()
An(s) response~exegivenfora zangeofmass
Ails seg

parameters.Whentheordinatesfora curvearemultipliedlythe
S1OW l/E,theresultingresponseisthesolutionofequation(LO).By
superyasitionofa seriesoffunctionsofthetypegivenbyequation(10),
thisapproachmaybeefiendedtopredicttheresponsestodisturhsmcesof
thetypeshowninfigurel(c)wherethedisturbanceiscomposedof
straight-linesegnents.Tigure3 is usedtoevaluatethisresponseby
thefollowlngsteps:
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(a)Evaluate
usedforequation
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thefollowingintegralsina mannersiml.lertothat
(10),withtheaidoffigure3:

(11)

(h) Superposetlw timehistories obtainedfromstep (a)sothatthe
disturbancefunotionshowninfigurel(c)willbeformedbytheaddition
oftheslopes2/His145 l/~, ~ 1~4. Notethatinthecourse
ofthissuperpositionsthetiti~ co-s~ing totheslows
1~> 1/H3J ‘d 1/H4 mustbedisplacedbytheintervalsHI forthe

S1OW l/H2,~ + ~ fortheS1OW l/~,and ~ + H2+ ~ forthe
SIO~ l/H4.Thefinalresponseforthedisturbanceshowninfigurel(c)
maythenbeobtainedfromthefollowingequation:

~I(s-El-~)-~I(s-Hl -H2)+~I(s-Hl-~-H3)
‘% H3 E3

&(s -Hl - -&(f3-Hl-E&E3:E4)
+ H4 %-H3) q

(12)
P

G’
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Althoughequation(12)appeemverylengthy,theactual
computationsarerelativelystiplesincealltheintegralsfora
perticub.rmasspemmeterhavealreadybeendetermined(fig.3). The
valuesofeachintegralmultipliedlyitsappro~iateconstantcanbe
tabulatedinsepxmtecolumnsdisplacedbyitscorrespondinginterval.
Theadditionoftheelementsineachrowofthesecolumqswill.detemine

thefinalrespmseAn(s)
AnB ●

‘l!riangular Gust

Sincethetriangulargustshwn infigurel(d)wasusedinmany
calculations,a chartwaspreparedforthisspecificshape.The
responsetothistype.ofdisturbancefora rangeofmass~rametersKg
andgradientdistancesH wasobtaineLbythemsthodpreviously
describedforgustshapesapproximatedbystraightlines.Plottingthe

(LAnmsxlmumvaluesoftheseresponses— asa functionof H with
Lns

‘g asa parametergivesthechartshowninfigure4. Asa matterof

()intcrestthevalues of ‘F areplottedasa functionof M
Slrax g

withthegradientdistanceH asthe~amaterinfigure5. Whenthe
massparameteroftheairplane(equation

An
()

E arelumwn,thevalueof — is
A% max

EvaluatingAns byequation(2)@rmlts

(3)) andthe gmdientdistance
readilyobtaineddirect=.

thevalueof ~ ina

()triangulargusttobedeterminedfromtheaccelerationratio ‘r
Smax

CONCLUDINGREMARK3

Thesimplifiedequationofverticalmotionofanairplanehasbeen
solvedtoobtainchartsofaccelerationratiofordifferentgustshams.

1
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Theresultspermittherapidestimationofmaximumaccelerationratios
forgustsofsrbitraryshape.
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Figure1.-Gustshapes.
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Figure 2.- Acceleration ratio far a wing penetratiq a sharp-edge gust for veri.ouamass parameters.
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Figure 3.- Integration of

s

aoceleratlon ratio fm a ~ mating a sharp-edge gqd far Terloue
IasESpfwmetem.



Figure 4.- kkdIUUM accoloration ratiofcm a triangulm gust as a function of gr~ent distance.
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Figure ~.- Max3mum accelerationratio for a trbngulac gust m a fumtion of mm parametm.
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